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Abstract 
Urban communities can be defined as key unit in advancing low-carbon city. The perspective of carbon 
metabolism in urban communities can help in unveiling emission characteristics and complex interactions between 
urban environment and communities. This paper introduced the metabolic perspective to unveil the intrinsic 
impetus of carbon emissions and reflect environmental impact to related systems in urban communities 
integrating the urban and household metabolism. The interactions of carbon metabolism at urban, 
communal and household levels were investigated to trace carbon flows. A conceptual metabolic model 
was also developed to reveal the mechanism of carbon metabolism in urban communities. 
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1. Introduction 
Urban communities, as a cell of urban systems, can be considered as household settlements that 
undertake the function of domestic living, public infrastructure, commerce and transportation in urban 
areas, which also affect the low-carbon future [1]. It can be expected that both the number and magnitude 
of urban communities will keep rising in response to the accelerating urbanization, in which process 
energy consumptions and carbon emissions will also increase consequently. Thus, low-carbon 
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construction at communal level is significant to avoid potential mitigation pressures [2]. So far, many 
countries as Australia [3], Canada [4-8], Germany [9], UK [10-15], and other European countries [16] 
have simulated carbon trajectories and initiated low-carbon practices in urban communities, all of whose 
experiences can be mirrored by China, the most massive carbon emitter accounting for about 24% of 
global emission in 2010 [17]. A crucial solution for low-carbon management in China is how to introduce 
an appropriate low-carbon community mode into urban areas. Despite of some theoretical and political 
discussions on China’s low-carbon communal development [18-21], accurate analysis on carbon flowing 
mechanism in urban communities and their interactions with related natural or anthropogenic systems in 
the metabolic perspective is of greater significance in providing evidence of proper management tools. It 
also helps in tracking carbon cycling processes and mitigating CO2 concentrations at urban, communal 
and household levels. 
This work aims to propose a conceptual model of carbon metabolism in urban communities to 
recognize the major sectors and pathways, and unveil the interactions of metabolic processes among 
urban, communal and household systems.  
2. Mechanism of carbon metabolism in urban communities 
2.1. Carbon metabolism in multi-scales 
Metabolism depicts all physic-chemical processes in organics or ecosystems [22], which has been 
widely adopted into the studies in urban [23], industrial [24], and household [25] systems. In metabolic 
perspective, cities and urban households are sustained by metabolic processes, namely the input-output 
processes of goods and wastes to reflect each environmental impact to the natural neighbors [23, 25]. 
Similarly, metabolism in urban communities, the processes of resource supply, goods consumption and 
waste discharge, is the bond of urban and household metabolism. Playing as the basic functional sector of 
cities and aggregation of households, communities bond with urban and household metabolism closely via 
material, energy and information flows. 
Carbon is embodied and directly released in the production, transfer, consumption, emission and 
decomposition processes of materials and energy in urban communities, shaping the carbon metabolism in 
urban communities. Part of them connects with the urban metabolism in terms of imported goods and 
emitted residuals, whilst the rest interacts actively within inner-communal sectors sustaining household 
metabolism. Thus tracking carbon flows in multi-metabolic framework could unveil the intrinsic impetus 
of urban carbon emissions, and facilitate the understanding of environmental pressures that household 
contributes to. The interactions of carbon metabolism at urban, communal, household levels are shown in 
Fig.1. 
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Fig. 1. Multi-scale carbon metabolism model at urban, communal, and household levels. 
2.2. Metabolic model of carbon metabolism in urban communities 
The metabolic model of carbon metabolism in urban communities is developed in Fig. 2, where 7 
functional sectors are identified as 1) urban environment (Ubn) supporting resource and final-
decomposing wastes, 2) energy sector (Eng) allocating energies to the whole community, 3) construction 
sector (Con) providing physical support, 4) household sector (Hse) consuming metabolic goods, 5) 
service sector (Svc) including medical treatment, education and trade in communities, 6) waste sector 
(Wst) collecting and decomposing solid waste and sewage, and 7) landscaping sector (Lsp). Besides, 21 
pathways of carbon metabolism can be investigated within the administrative boundary of urban 
communities. It is a natural-annual dualistic process including 1) natural processes as photosynthesis and 
respiration of plants and soils, and 2) anthropogenic processes as production and consumption of fuels, 
foods and services etc. Both direct and indirect (embodied) carbon flows can be investigated as follow: 
z Carbon extraction from urban system to the communities, which also plays an important role in the 
process of urban metabolism. This kind of metabolic flow mainly includes the direct import of 
carbon-contained materials and energies (as clothes, foods, building materials, electricity, natural 
gas, etc.), providing carbon sources originally.   
z Carbon exchange among different sub-systems in urban communities, which is considered as the 
most diverse and active part of the metabolic system. All carbon flows embodied in materials and 
energies circulate and are allocated through the metabolic chain just like blood in vessels, including 
the processes of energy supply, goods transportation, consumption, waste management or so. The 
natural absorption of CO2 is defined as a significant part of exchanging process as well. 
z Carbon emission into the external environment is also the most significant process earns more 
observation. 
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Fig. 2. Conceptual model of carbon metabolism in urban communities. 
3. Conclusion 
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This paper proposed a new perspective for carbon metabolism in urban communities integrating the 
urban and household metabolism. The interactions of carbon metabolism at urban, communal and 
household levels were thereby discussed to trace how carbon flowed within multiple systems. The major 
metabolic participators and pathways of carbon metabolism in urban communities were also analyzed in 
the conceptual metabolic model. 
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